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Experimental apparatus
shows the experimental apparatus for nanohealing and electrical characterization. A continuous-wave (CW) laser (λ = 532 nm) beam sequentially passes through the first polarizer (Glan-Taylor laser polarizer), a mirror, the second polarizer, a half-wave plate, a mechanical shutter, and a Pellicle beam splitter. Finally, the laser beam is focused on the nanogap by an objective (100×, Mitutoyo Microscope). The mechanical shutter, the half-wave plate and the combination of the two polarizers control the exposure time, the polarization, and the exposure power on the nanogaps, respectively. For precise positioning of the laser focus, a three-axis translation stage with piezoelectric control (30 nm in accuracy) is utilized. A two-probe (micro-tungsten probe) system is used as an electrical characterization module to measure the V-I curve of the whole nanostructure. The resistance is obtained from the measured V-I curve. 
Simulation results corresponding to nanohealing.
To unveil the physical mechanisms behind the nanohealing, electromagnetic field, heat power density, and temperature distributions of nanogaps are calculated with the commercial software packages FDTD and COMSOL Multiphysics (see Methods). In the simulations ( Figure S2 ), a nanogap (g = 80 nm) between two NWs (D = 300 nm) is on a silica substrate. The Gaussian light beam (λ = 532 nm, P = 30 mW, and Rb = 200 nm) with perpendicular polarization (in y direction), which is incident from top (i.e. negative Z-direction), is focused on the nanogap. For simplicity, we only consider the steady-state case for the temperature calculation as the exposure time (2 ms) of the laser shots is much longer than thermal response time (of the order of nanoseconds). 1 The heat power density is related to the electric field E by Q = 0.5ε0ωIm(εr)|E| 2 , 2 where Q is the heat power density ; ε0 and εr (= -11.76 + 0.37i) are vacuum permittivity and relative permittivity of silver, respectively; ω is the frequency of the incident laser light.
The spatial distribution of the temperature (T) is obtained by solving the steady-state heat transfer equation k∇ 2 T + Q = 0, where k is the thermal conductivity (170 W/(m·K) for silver NW, the size effect of which is taken into account).
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The excited electric fields predominantly concentrate in the four lower corners in the nanogap ( Figure S2 (a, b)). [6] [7] [8] Heat is produced only in the silver because of its imaginary part of the permittivity. Consequently, the heat power mainly concentrates in the four lower corners ( Figure S2 nm (red, blue, and pink dots, respectively) are exposed to the laser with power P = 40 mW. Figure S3 shows that the simulated maximum temperature of the nanogap is less sensitive to nanogap width under perpendicular polarization compared with that under parallel polarization of the incident laser beam. With the nanogap width increasing from 0 nm to 80 nm, the maximum temperature of the nanogap increases by 50 °C under perpendicular polarization (the black line), whereas it increases by 450 °C under parallel polarization (the blue line). The reason for this behavior is that the gap-mode is excited only for parallel polarization of the incident light beam, and the local electric field intensity at the nanogap is greatly enhanced by this gap-mode. However, the electric field intensity of gap-mode decreases gradually with nanogap width. Therefore, the local electric field intensity and the corresponding energy, which is converted to heat, also decreases, which, in turn, decreases the maximum temperature. 
Simulations for polarization analysis
Simulation of the dependence of absorptance on wavelength
The relationship between the absorptance of Ag NW (D = 300 nm for the nanowire and g = 80 nm for the nanogap) and the laser wavelength is calculated (shown in Fig. S4 ).
The absorptance is defined as the ratio of the absorbed power by the NW to the incident laser power. The absorptance decreases with the increasing laser wavelength from 400 to 1000 nm. Since the absorptance has a positive correlation with the maximum temperature of the nanogap, a short-wavelength laser is preferred for high energy efficiency. Therefore, we choose 532 nm laser with low cost and easy operation in the experiments.
8 Figure S4 Simulated absorptance versus wavelength (D = 300 nm for the nanowire and g = 80 nm for the nanogap). The incident laser power is 30 mW. Thermal field simulation. From the FDTD results, the electric field distribution in the silver NW (including the nanogap) can be extracted and the heat power volume density Q can be calculated as Q = 0.5ε0ωIm(εr)|E| 2 . 10 This Q value is used as the heat source in COMSOL Multiphysics for simulating the temperature distribution. The thermal conductivities of silica and air are taken from the COMSOL library, and thermal conductivity of the silver NW is set as 170 W/(m·K), taking the size effect into consideration. 11 A fixed temperature of 293.15 K is set at the boundaries.
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